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B k d I f tiBackground Information
Thermal Electric Commercial Date

Plant Reactor Containment Thermal
（MWt）

Electric
（MWe） Unit 1 

Unit 2

Chinshan BWR-4 Mark-I 1804 636 12/6/1978Chinshan   GE Mark I 1804 636 7/16/1979

Kuosheng BWR-6
GE Mark-III 2943 985 12/28/1981

3/15/1983

Plant Time of
Re-rack

SFP 
Capacity
per Unit

Loaded
Unit 1
Unit 2

Rack
Vendor

Boral
Vendor

Neutron-
Absorbing
Materialsp

Chinshan   1986
1998 3083 2770

2744 Holtec1 AAR Boral

AAR

Kuosheng 1991
2003 4398 3828

3716
Holtec 
ENSA2

AAR
AAR Brooks 
& Perkins, 
Michigan2

Boral
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c ga
1.CS SFPs contain Holtec racks only.
2.KS SFPs contain Holtec racks and ENSA racks.



E i f Chi h NPPExperience of Chinshan NPP
 In each SFP, there were 10 coupons mounted on the 

“ t ” d iti d i ll ithi th t l“coupon tree” and are positioned axially within the central 
8 feet of the fuel zone, and the “coupon tree” is 
surrounded by freshly discharged fuel assemblies at each 
f th fi t fi f li t f ll i i t ll ti fof the first five refueling outages following installation of 

the racks. From the fifth cycle on, the fuel assemblies 
surrounding the “coupon tree” remain in place for the g
remaining lifetime of the racks. 

 Up to 2011, totally 9 boral test coupons have been 
examined. Two of the latest examined coupons showedexamined. Two of the latest examined coupons showed 
blisters near the edge of the coupons. 
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Experience of Chinshan NPP (cont.)

 Surveillance results 
of coupon taken out p
from Unit 2 in Feb. 
2011.
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 Considering test result of CS in 2007 and NRC IN
Experience of Chinshan NPP (cont.)
 Considering test result of CS in 2007 and NRC IN 

2009-26 , additional visual inspection was first 
conducted during the refueling outage of Chinshan 

it 1 i A il 2010unit 1 in April 2010.
 It was noticed that all of the six coupons remained 

in the pool were with blistersin the pool were with blisters.
 The next test is scheduled in Chinshan Unit 1 in 

Oct 2011Oct. 2011.
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Unit 1  (Unit 1  (coupon coupon in pool) in pool) 
--2010.42010.4

Unit 1 (Unit 1 (coupon coupon in pool) in pool) 
--2010.42010.4



 In March 2011 a visual inspection was conducted

Experience of Chinshan NPP (cont.)

 In March 2011, a visual inspection was conducted 
during the refueling outage of Chinshan unit 2.  All of 
the five coupons remained in the pool were with p p
blisters.
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E i f K h NPP
 For Kuosheng NPP the first re-racking which
Experience of Kuosheng NPP
 For Kuosheng NPP, the first re racking which 

covers the major part of spent fuel pool (SFP) 
was done by Holtec in 1991 The second re-was done by Holtec in 1991. The second re
racking which covers the remaining part of 
SFP was done by Spanish company ENSA inSFP was done by Spanish company ENSA in 
2003.

 Unlike the coupons of Chinshan the Holtec Unlike the coupons of Chinshan, the Holtec 
Boral coupons at Kuosheng are jacketed in 
stainless steel which do not show any blisterstainless steel, which do not show any blister 
or bulge. It is quite possible that no blister 
could form in the jacketed coupon
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could form in the jacketed coupon. 



Experience of Kuosheng NPP (cont.)

 Nevertheless, the non-
jacketed coupons of j p
the other manufacturer, 
ENSA, at Kuosheng 
had shown noticeable 
blisters through visual 
inspection during theinspection during the 
refueling outage in 
March 2010, which is ,
similar to Chinshan’s 
operating experience.
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Experience of Kuosheng NPP (cont.)

 There are 4 boral coupon trees in KS unit 1(2 Holtec/2 
ENSA;K1-4) and 2 coupon trees in KS unit 2(ENSA;K5-6). 
E h t h 8 t d itEach tree has 8 coupons mounted on it.

 K-1, K-3 and K-5 “coupon tree” are for Long Term 
Surveillance which are surrounded by freshly dischargedSurveillance, which are  surrounded by freshly discharged 
fuel assemblies after the installation and remain in place for 
the remaining lifetime of the racks. Every 5 years a coupon 
t ttest.

 K-2, K-4 and K-6 “coupon tree” are for Accelerated 
Surveillance surrounded by freshly discharged fuelSurveillance   surrounded by freshly discharged fuel 
assemblies at each refueling outages. Every refueling 
outage a coupon test. If it is within the Acceptance criteria, it 

t d t t f li t
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can extend to two refueling outages or more.



Experience of Kuosheng NPP (cont.)

 Surveillance results of coupon trees K-1/ K-3/ K-5
 K-1(2007.06)：3 coupons have been examined, no blister
 K-3(2010.02)：1 coupon has been examined, no blister
 K-5(2010.01)： 1 coupon has been examined, one blister with 

diameter around 1.5cm, thickness of the blister about 0.1cmdiameter around 1.5cm, thickness of the blister about 0.1cm
 Recent results of K-2/K-4/K-6 accelerated surveillance:

 K-2(2010.02)： no blister
 K-4(2011.02)： one blister (diameter ~1.3cm/ thickness ~ 0.1cm)
 K-6(2011.01)： two blisters (diameter ~1.3cm/ thickness ~ 

0.1cm; diameter ~ 1cm / thickness ~ 0.048cm); )
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E i f K h NPPExperience of Kuosheng NPP (cont.)

Up to 2011/4/28 totall 17 boral test Up to 2011/4/28, totally 17 boral test 
coupons have been examined. Recently 
examined coupons showed blisters near 
the edge of the coupons. g p
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Acceptance Criteria for Boral CouponAcceptance Criteria for Boral Coupon 
Surveillance

 The test is performed at the onsite radiochemistry 
laboratory.y

 Acceptance criteria for degradation/deformation of 
Boral surveillance are suggested by manufacturer.Boral surveillance are suggested by manufacturer.

 For CS:
 The boron 10 contents shall be not less than the The boron-10 contents shall be not less than the 

minimum allowed B-10 loading (0.0167 g/cm2).
 An increase in the thickness at any chosen point should An increase in the thickness at any chosen point should 

not exceed 8% of the initial thickness at that point.
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Acceptance Criteria for Boral CouponAcceptance Criteria for Boral Coupon 
Surveillance (cont.)
F KS/H lt For KS/Holtec:
 The boron-10 contents shall be not less than the minimum 

allowed B 10 loading (0 011g/cm2)allowed B-10 loading (0.011g/cm2).
 Thickness change at any chosen point should not exceed ±

1% of the initial thickness at that point.1% of the initial thickness at that point.
 Weight change of the coupon should not exceed ±1% of its 

original weight.

 For KS/ENSA:
 The boron-10 contents shall be not less than the minimum 

allowed B-10 loading (0.02g/cm2).
 Thickness change at any chosen point should not exceed ±

8% f th i iti l thi k t th t i t
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8% of the initial thickness at that point.



AEC’s regulatory activities
 Requested TPC to report CS and KS experience in using 

Boral through RAI.
 Requested TPC to inform Holtec about the results of Boral 

surveillance and visual inspection. It is our understanding 
that Holtec has to inform NRC about the material defectsthat Holtec has to inform NRC about the material defects 
according to Part 21 unless it had reported to NRC before.

 Requested TPC to clarify potential safety impact, q y p y p ,
degradation mechanisms and study the possibility of in-situ 
and coupon neutron attenuation testing. 
Th l ti t k TPC t id th t There are no any regulations to ask TPC to provide the part 
21 evaluations of Boral defect. AEC will include the request 
in the laws or regulations in the future.
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Corrective Actions Taken by  TPC
 Perform a justification that the effect of the blister was minor 

to criticality since no boron loss was found till now.
 Perform a friction test by using DUMMY bundle to verify the Perform a friction test by using DUMMY bundle to verify the 

clearance between racks and fuel bundles to secure a 
practical fuel insertion activity to the racks. 
Holtec proclaimed that the blister was caused by hydrogen Holtec proclaimed that the blister was caused by hydrogen 
which generated from aluminum reacted with water in 
Chinshan. TPC considers that it’s a likely cause of the 
bli t d ill t bli h h j t t d t dblister and will establish a research project to understand 
the degradation mechanisms. The project is expected to be 
completed at the end of 2016. 

 Aging management of spent fuel pool neutron-absorbing 
materials is adopted in the Aging Management Programs 
(AMP) of the Chinshan License Renewal Application (LRA).
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Conclusion and Discussion
 There have been several runs of e-mail There have been several runs of e mail 

communications between NRC and AEC.
Questions from Response from Key points of communicationQuestions from 
NRC

Response from 
AEC

Key points of communication

2010/09/13 2010/09/21 spent fuel pool conditions corrective; actions that 
are being taken; actual test resultsare being taken; actual test results 

2010/12/11 2010/12/27 Boral material in the Chinshan spent fuel pool (SFP) 
and actions taken to characterize the blisters

2011/01/15 2011/01/22 E t th l tt b t T i d H lt2011/01/15 2011/01/22 Except the letters between Taipower and Holtec, 
AEC agrees that others can be made public in 
ADAMS.

2011/01/22 2011/02/22 neutron absorbing material in the Kuosheng spent2011/01/22 2011/02/22 neutron absorbing material in the Kuosheng spent 
fuel pool (SFP) and actions taken to characterize 
the blisters 

2011/04/22 T b di d G l N t Ab bi M t i l D d ti
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2011/04/22 To be discussed 
during BTM

General Neutron Absorbing Material Degradation 
Issues 



C l i d Di i
 2011/04/19 Questions from NRC

Conclusion and Discussion (cont.)

 2011/04/19 Questions from NRC 
What materials are currently and potentially to 

b d t T i SFP ?be used at Taiwanese SFPs? 
How are these materials qualified and validated 

prior to use in the SFP? 
What is the expected lifetime of these materials p

in the SFP?
What types of degradation have been identifiedWhat types of degradation have been identified 

and how has it been mitigated? 
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 2011/04/19 Questions from NRC (cont )

Conclusion and Discussion (cont.)
 2011/04/19 Questions from NRC (cont.)

What are AEC’s regulations governing these materials?
What t pes of s r eillance programs are at Tai anese SFPs? What types of surveillance programs are at Taiwanese SFPs? 
What is the frequency of inspection? How does AEC ensure that 
these programs are effectively administered?

 What inspection activities does AEC undertake to ensure 
compliance with these regulations?

 Has AEC ever had to take enforcement action for failure to Has AEC ever had to take enforcement action for failure to 
comply with these regulations? 

 Can AEC share copies of any pertinent regulations, inspection 
d f i i i i h h USNRC?procedures, or enforcement activities with the USNRC?
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Conclusion and Discussion (cont.)

 2011/04/14 Questions from AEC
Wh t’ th f t i ifi f th d d dWhat’s the safety significance of the degraded 

neutron absorption? 
Wh t th t f t ti NRCWhat are the current or future actions NRC 
going to take?
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